The effects of acute exercise and starvation on hepatic branched-chain a-keto acid dehydrogenase (BCKDH) complex activity were examined in female rats fed high (30%) or low (8%)-protein diets. The total activity of the complex was significantly higher in the high protein-fed rats than in the low protein-fed rats but was not affected by acute exercise and starvation in either diet group. The proportion of the active form of BCKDH complex was less than 10% in both diet groups. Acute exercise and starvation markedly increased the active form of the complex in both diet groups. The activity of BCKDH kinase, which is responsible for inactivation of the BCKDH complex by phosphorylation, tended to be decreased by acute exercise and starvation in both diet groups. These results suggest that the activity of the BCKDH kinase is an important factor determining the proportion of the active form of BCKDH complex in exercise and starvation, and that the female rat is a useful model for studying the regulation of hepatic BCKDH complex activity.
The branched-chain a-keto acid dehydrogenase (BCKDH) complex is the most important regulatory enzyme of branched-chain amino acid catabolism. This enzyme is subject to regulation by covalent modification, being inactivated by a specific kinase (BCKDH kinase) and activated by a specific phosphatase (1, 2). The hepatic BCKDH complex serves as a means for disposing extra circulating branched-chain a-keto acids derived from the transamination of leucine, isoleucine and valine in rat peripheral tissues (3). Shutting off its activity by phosphorylation serves to conserve the branched-chain a-keto acids and therefore the branched-chain amino acids during times under which dietary protein is absent or limited in amount.
Investigations of the mechanisms responsible for regulation of branched-chain amino acid catabolism have focused on the role played by the BCKDH complex. A number of factors have been reported to affect BCKDH complex activity, including dietary protein, exercise and starvation (4). Since many papers have reported that the hepatic BCKDH complex is almost 100% active in male rats fed high-protein diets (4), it has been necessary to feed male rats with a low-protein diet to decrease the active form of the complex in studies designed to identify physiological factors that activate the complex (3). However, we recently found that a diurnal rhythm in the activity state of the hepatic BCKDH complex occurs in the female rat (5). At the end of the light period, the proportion of the active form is less than 10% in female rats fed a chow diet, whereas it is approximately 80% in male rats at the same time point (5). In the present study, we examined the effects of exercise and starvation on the activities of the hepatic BCKDH complex and its kinase using female rats fed high and low-protein diets. The results of the present study clearly showed that the female rat is a very useful model for studies designed to determine factors involved in the regulation of BCKDH complex activity.
MATERIALS AND METHODS

Materials.
Reagents were obtained as previously described (5) n reasonable agreement with previous findings (10), the total activity of hepatic BCKDH complex was considerably higher in the high-protein diet group than in the low-protein diet group (Table 1) . Nevertheless, at the time these rats were sacrificed, there was no significant difference in the proportion of the active form of the BCKDH complex in the sedentary rats fed high and low-protein diets (Table  1) . Likewise, the total activities of each diet group were not affected by exercise (Table 1) . Acute exercise dramatically increased the proportion of the active complex Vol 45, No 3, 1999 in both high and low protein-fed rats, although the effect was more than twice as great in the high protein-fed rats (Table 1 ). The activity of hepatic BCKDH kinase was significantly lower in the high-protein diet group than in the low-protein diet group, regardless of whether the rats were acutely exercised or not (Table 1) . Acute exercise tended to decrease the kinase activity in both dietary groups. In fact , the decrease caused by exercise was statistically significant in the low-protein diet group (Table 1) . It was not clear that acute exercise activates the hepatic BCKDH complex in male rats fed a chow diet because the hepatic BCKDH complex in the rats is almost 100% active (4). In the present study, we clearly show a dramatic effect of exercise on the activity of the hepatic BCKDH complex in high protein-fed female rats sacrificed at the end of the light period in a day. It was also found that BCKDH kinase activity tended to be decreased by acute exercise, which may account, in part, for the increase in the active form of the BCKDH complex. It has been reported that acute exercise significantly increases the concentrations of branched-chain amino acids in rat serum, muscle and liver (6), suggesting that the concentrations of branched-chain a-keto acids are also increased by acute exercise. To examine this possibility, serum branched-chain a-keto acids were measured in acutely exercised animals. Only a-ketoisocaproic acid, which is known to be a potent inhibitor of BCKDH kinase (11), was increased significantly by acute exercise (Table 2 ). These results suggest that the inhibition of BCKDH kinase activity by this a-keto acid may also be partially responsible for the increase in BCKDH complex activity by acute exercise. It is of interest why exercise activated the complex nearly completely in the high-protein diet group but only partially in the low-protein diet group. This is presumably because the relatively high BCKDH kinase present in rats fed the low-protein diet obstructed activation of the complex. The effects of starvation on the activity of the BCKDH complex was also investigated. Total activities of the BCKDH complex in each diet group were not affected by 24 h starvation (Table 3 ). In contrast, the proportion of the active complex in both high and low-protein diet groups was significantly increased after starvation (Table 3) . Like acute exercise, starvation tended to decrease kinase activity in both dietary groups. In fact, the decrease was statistically significant in the low-protein diet group (Table 3) . It has been reported that 48 h starvation increased the proportion of active BCKDH complex (3). These experiments were done with male rats that had been fed a low-protein diet. In the present study, we found, by using female rats, that an effect of starvation on the complex can be readily
